This study examines the innovation-growth nexus in the European Union (EU) countries over the period 1993-2011. The system generalised method of moments estimator was used to test whether patent activities and different research and development (R&D) outlays affect economic growth in the old (EU-15) and new (EU-13) member states differently. The authors have found no significant impact of R&D on the growth and positive relationship between patent activities and growth in the EU-13. The results suggest that there may be no single recipe for growth for the EU and raise the question of whether setting common numerical targets in the EU innovation policy makes economic sense.
Introduction
The enlargement of the European Union (EU) has far-reaching economic consequences not only for the EU itself but also for the world economy. Measured in terms of goods and services it produces, the EU ranked as the world's largest single market in 2013 for the first time. Following the recent enlargements, the EU has been transformed from a relatively homogenous organisation of developed and highly developed countries into a rather heterogeneous body. Differences in gross domestic product (GDP) per capita remain significant across European countries. This raises questions about possible measures that can be taken to close this gap. Although the discussion of determinants of economic growth is an evergreen topic, both in theoretical and empirical studies, there is a growing consensus among economists and policy-makers that investment in knowledge, which is at the centre of the endogenous growth process, is a precondition for achieving permanently high growth rates.
After the boom of exogenous growth models in the 1950s and 1960s the growth theory died for almost two decades, leaving a problem of sources of growth unsolved in a 'black box' of technology. The work of Romer (1986) and Lucas (1988) began a new strand of research. In these models technological progress is not explicitly modelled and growth goes to infinity due to knowledge spillovers and human capital externalities, which allow escape from diminishing returns present in the exogenous models. By contrast, the endogenous growth KEYWORDS Economic growth; innovation; research and development; patents; panel data; European Union models of the first generation developed in the early 1990s by Romer (1990) , Grossman and Helpman (1991) and Aghion and Howitt (1992) are based on a basic growth mechanism, which operates through technological progress that is a result of purposeful research and development (R&D) activity. In response to Jones' (1995) critique those models were altered in various ways. The semi-endogenous models of Kortum (1997) , Segerstrom (1998) and Jones (2002) assume diminishing returns to knowledge and require continuous growth of R&D to maintain sustained productivity growth. On the other hand, the Schumpeterian models developed by Aghion and Howitt (1998) , Peretto (1998) and Howitt (1999) maintain scale effects from first-generation endogenous growth models. Sustained total factor productivity (TFP) growth is allowed through increasing R&D efforts counteracting the effect of growth in product variety that reduces the productivity effects of R&D activity. Although all endogenous models differ with respect to the nature of innovation, they exhibit similar dynamics and put knowledge at the centre of a never-ending growth process. 1 The nature of knowledge, which was assumed to be both non-rival and non-excludable in exogenous models, naturally leads to questioning why rational agents would devote resources to its development if everyone can use created knowledge freely. To avoid the problem of free-riding, it is assumed that once a design has been produced a firm can obtain an infinitely livedlife patent (Aghion & Howitt, 1992; Romer, 1990) . This means that non-rival designs are at least partially excludable. The owner of a patent gains monopoly power and monopoly profits which provide incentives for further investment in R&D. However, no patent system can provide perfect protection; therefore, some useful knowledge that results from the purposeful actions of profit-seeking firms becomes available to the public. This knowledge reduces the future costs of R&D to other innovators; hence the larger is the stock of R&D today, the cheaper it becomes to conduct R&D in the future. Consequently, endogenous growth models have clear implications for economic policy. Knowledge created as a result of R&D investment helps use existing physical and human capital resources more efficiently. Therefore, R&D expenditures and patent activity should have a positive and persistent effect on growth.
The EU intensifies efforts to strengthen its economic position in the global economy, particularly vis-à-vis the United States, Japan and rapidly growing China. In 2000, the EU adopted the Lisbon strategy, a development plan, the key objective of which was to make Europe 'the most competitive and dynamic knowledge-based economy in the world' (CEC, 2000) . One of the goals set out in the Lisbon agenda was to increase R&D expenditure to 3% of GDP. As it became obvious in 2010 that the strategy failed to meet its self-imposed targets, the 'Europe 2020' -new 10-year plan -was designed. The successor to the Lisbon strategy sets out economic growth based on knowledge and innovation as one of its priorities and maintains the 3% objective for R&D intensity.
The aim of this empirical study is to assess the contribution of technological innovation to per capita GDP growth in a panel of EU countries. In light of the above-mentioned facts, we ask and try to answer a series of questions. Is there a relationship between technological innovation and economic growth in the EU? Will the increase in R&D outlays contribute to economic growth? Does the role of technological innovation in fostering growth differ between EU-15 (old member states) and EU-13 (new member states) countries? Does the role of R&D in fostering growth differ when R&D is differentiated by source of funding? We expect the role of innovation in economic growth to be different in old and new member states due to their significant variation in terms of economic development. Figures 1 and 2 show the trends in average GDP per capita growth rates and proxies for technological innovation in the EU-15 and EU-13 countries since 1993.
The growth rates are usually higher in the EU-13 than the EU-15. However, R&D intensity is much larger in the case of EU-15 countries, being in the order of two to three times the average levels in the EU-13. The gap in patent activity between old and new member states is even larger.
We investigate the innovation-growth relationship by running separate estimates for old and new member states. Innovation is proxied by R&D outlays and patents. R&D expenditures are used as a proxy for investment in generating new knowledge. Data on patents are an indicator of the creation of new ideas. To account for the fact that knowledge builds up over time, as well as the interaction between the existing stock of knowledge and the costs of future research, we include both current and cumulative R&D and patent activity data in the regressions. We contribute to the existing literature in several ways. First, to the best of our knowledge this is one of the very few panel data studies on the innovation-growth nexus in the EU at the country level.
2 Second, the originality of our contribution is that we test whether innovation affects economic growth differently in the old and new member states. This is in line with models highlighting that innovation is likely to have a different impact on growth depending on a country's proximity to the world technology frontier (see, e.g., Acemoglu, Aghion, & Zilibotti, 2006; Chu, Cozzi, & Galli, 2014) . Moreover, we examine the relationship between economic growth and R&D investments differentiated by the source of funding. Finally, part of our contribution lies in paying attention to the endogeneity problem. In order to address this issue properly the system generalised method of moments (GMM) estimator was used in regressions.
The study provides mixed results on the role of innovation in economic growth. Compared with other studies, our contribution differs in one crucial dimension. We did not find any statistically significant relationship between R&D expenditures and economic growth in the EU-15 and EU-13 countries. At the same time, the results concerning patents are partially in line with conventional wisdom. They indicate a significant and positive relationship between patents and growth in the new member states and an insignificant one in the old EU countries. These results suggest that the impact of innovation on economic growth is far more complex than previously assumed, and may have some pertinent implications regarding the EU's R&D policy. They may also be important with respect to the ongoing process of introducing the unitary European patent, which is intended to provide uniform protection in all 25 participating member states.
The remainder of the paper is organised as follows. Section 2 provides a brief review of the related empirical literature. Section 3 describes the data and methodology. Empirical results and discussion are presented in Section 4. Section 5 concludes.
Brief review of the literature
Starting from the early 1990s, numerous empirical analyses based on endogenous growth models have been conducted. An important issue in the empirical work is how to measure innovation at the macroeconomic level. R&D expenditures and patent statistics are often used as proxies for innovation 'input' and 'output' , mainly due to their availability for relatively broad samples of countries. Pioneering work was carried out by Lichtenberg (1992) , who examined the relationship between R&D investment and productivity in a cross section of 74 countries from 1964 to 1989. The effect of privately funded R&D investment on economic growth was found to be positive. Government-sponsored R&D had a negative influence on growth in some specifications; however, Lichtenberg indicated that his findings should be interpreted with caution and that the effect of R&D investment may depend more on its objectives than on the source of funding. The other early study on R&D was performed by Goel and Ram (1994) , who explored the effect of R&D outlays on output growth from 1960 to 1985 in a cross section of 52 countries. The authors reported estimates for the full sample and for the subsample of less-developed countries. The results suggested that the R&D expenditures are correlated with growth only in less-developed countries. The earliest panel data analyses for a relatively large number of countries were performed by Coe and Helpman (1995) , who studied 22 countries in the period 1970 -1990 , and Park (1995 , who studied 10 Organisation for Economic Cooperation and Development (OECD) countries from 1970 to 1987. Park provides evidence that domestic and foreign productivity growth is positively related to domestic private investment in R&D. Coe and Helpman (1995) provide support for a positive relationship between TFP and R&D stocks, including both a country's own and that of its trade partners. Engelbrecht (1997) (2004) used panel data for 16 OECD countries over the period 1980-1998 to examine whether R&D -carried out by the business sector, the public sector and foreign firms -is positively related to TFP. Their results suggest that all types of R&D are significant determinants of productivity growth, although the impact of business R&D increased while the impact of public R&D decreased over the time period analysed. The authors also discuss the reasons why the effect of public R&D on output might be hard to capture directly in empirical analyses. Finally, Ang and Madsen (2011) considered the role of R&D in the growth experiences of the six Asian miracle economies from 1953 to 2006. Their results provide strong evidence that economic growth was driven by R&D intensity over the period analysed.
Another strand of empirical literature tests whether there is a relationship between patent activity and economic growth. Porter and Stern (2000) contribute to a better understanding of endogenous growth by estimating the ideas production function. Using data for 16 OECD countries, the authors examined the determinants of the United States Patent and Trademark Office (USPTO) patents flow. The results obtained show that the ideas production function increases proportionally with the existing stock of knowledge and that aggregate output is positively related to patent stock. However, the worldwide knowledge stock may have a negative effect on the ideas production function since it raises the bar for producing domestic technology that is new at the international level. Ulku (2007) used data from 41 countries to examine the relationship between innovation and per capita output. Analyses were conducted separately for the high-income, low-income, large-market and small-market subsamples for OECD and non-OECD countries. The results show that innovation, proxied by USPTO patent flows, raises per labour GDP only in the high-income OECD countries, while in the case of non-OECD countries it has a significant impact on GDP per labour in all subsamples, except for the low-income one. The findings also suggest that developing countries benefit more from innovation than developed countries in terms of increasing per labour GDP. Madsen (2008) demonstrated that in 16 OECD countries the effect of international patent stock on growth was positive during the period 1883-2004. In another paper Madsen (2010) used both R&D and patents as measures of innovative activity in 21 OECD countries in different periods of time. Change in the flow and stock of patents and patenting intensity had a positive effect on productivity growth. Barcenilla-Visús, Gómez-Sancho, López-Pueyo, Mancebón, and Sanaú (2013) examined data for 15 OECD countries from 1989 to 2004 to assess the role of TFP in explaining economic growth. The results show that technology, proxied by domestic R&D stocks or, alternatively, by the stock of patents, stimulates the variation in technological change.
Although the contribution of innovation to economic growth has been widely analysed for different samples of countries (mainly OECD member states), the overall impression is that the majority of authors made data availability the only criterion for country selection. Such an approach is quite understandable as it expands the number of observations. However, from the policy-making perspective studying the relationship of interest in a group of integrated countries (such as the EU) that share some common characteristics, obey horizontally institutionalised organisational rules and adopt common policies may be more informative and may provide more useful policy prescriptions. This is what we do in the following sections.
Data and methodology

Data
The analysis was performed over the period 1993-2011 at the macroeconomic level for 28 EU countries separated into two subsamples (EU-15 and EU-13). The time period of analysis was chosen to maximise the number of observations, given data availability. Since some of the data is not available, the panel is unbalanced and the number of observations depends on the choice of explanatory variables. Even though most panel data studies of economic growth use averaged data over certain time spans (usually 5 or 10 years), it was not possible to use averages for a panel such as ours given the relatively short time dimension of our data set (T = 19). We use annual data instead, as it provides us with sufficient number of observations to estimate separate models for two relatively small subsamples. Although we acknowledge some limitations of this approach, in particular the fact that growth regressions based on annual data are exposed to the effects of short-term business cycle fluctuations, using stock variables as regressors helps to overcome this problem, at least to some extent.
The standard specification in growth empirics can be written in a panel variant as:
where Δy i,t is the growth rate of GDP per capita between time t -1 and t, y i,t is the log of real GDP per capita, x i,t is a vector of determinants of economic growth, η i is a country-specific effect that allows controlling for unobserved time-invariant country heterogeneity, μ t is a time-specific effect and ε i,t is an error term (Durlauf, Johnson, & Temple, 2005) . Equation (1) can be equivalently rearranged as a dynamic model with a lagged dependent variable on the right-hand side:
Our set of regressors is comprised of 'robust regressors' from Levine and Renelt (1992) , openness and measures of innovation. Robust regressors include the investment rate as a share of GDP (INVESTMENT) and the log of lagged level of GDP per capita (logG-DP(t − 3)).
3 Openness (logOPENNESS), calculated as the log of the sum of exports and imports to GDP, allows controlling for the possibility to import technology embodied in capital goods from neighbouring countries and from the world's most R&D-intensive countries (Eaton & Kortum, 2001) . This is particularly important in an integrated area such as the EU where innovation can easily diffuse. By including this measure in regressions, we take into consideration the effects of the restructuring process caused by foreign trade -a country's innovativeness increases as a result of import competition (Bloom, Draca, & Van Reenen, 2016 ) and the learning-by-exporting effect (Damijan, Kostevc, & Polanec, 2010; Liu & Buck, 2007) . From this point of view, a country's R&D outlays show their 'second face' by facilitating technology transfer from abroad (Griffith, Redding, & Van Reenen, 2004) . Technological innovation in our model is proxied by the current and cumulative patents (1)
(per employee) and R&D expenditures (relative to GDP). Further, we distinguished between private and public sources of R&D funding and tried to answer the question whether private and public R&D investments differ in fostering growth. The data on GDP, population, number of persons engaged, investment and openness are from PWT 8.0 (Feenstra, Inklaar, & Timmer, 2015) , whereas the data on innovation are from the Eurostat Database.
Finally, we estimate the following model to see whether the data provide support for the innovation-growth relationship:
where Z denotes the 'innovation' variable.
The data on innovation expenditures contain total intramural R&D expenditures (RD_EXPENDITURES) as well as R&D by source of funds: gross domestic expenditure on R&D funded by the business enterprise sector (RD_BUSINESS) and gross domestic expenditure on R&D funded by the government sector (RD_GOVERNMENT) (these sectors have the highest shares in total R&D outlays). Data on patent activity include European Patent Office (EPO) (logEPO_FLOW) applications and patents granted by the USPTO (logUSPTO_FLOW) by priority year at the national level.
Stock variables were computed using the perpetual inventory method, employing the formulae:
where S 0 stands for the initial stock, F t is the flow at time t, r is the compound annual growth rate of flow (computed for each country for the period analysed) and δ is the depreciation rate (20%). 4 Stock variables include R&D total stock (RD_TOTAL), stock of privately/publicly funded R&D (RD_PRIVATE/RD_PUBLIC), EPO applications stock (logEPO_STOCK) and stock of patents granted by the USPTO (logUSPTO_STOCK). The stock of private R&D was calculated using data on R&D expenditures by source of funds, and comprises business enterprises, private non-profit and abroad sectors. Stock of public R&D was calculated as the sum of government and higher education sectors. 
Methodology
Modelling the dynamic panel data has several advantages. The most important ones are the increase in the number of observations and the ability to control for individual unobserved heterogeneity. However, the use of such models introduces a set of problems, therefore special attention should be paid to the estimation method. The first method widely used in growth empirics is the fixed-effects estimator (henceforth FE). As Durlauf et al. (2005) point out, the motivation for using this estimator is the fact that the estimates will not be biased by any omitted variables which are constant over time. However, the use of this estimator brings with it certain costs. Measurement error is typically a problem, since the FE estimator ignores the between-country variation and the reduction in bias implies higher standard errors. Moreover, Nickell (1981) proved that the FE estimator is not consistent (3) log GDPPC i,t = 1 + log GDPPC i,t−3 + 2 INVESTMENT i,t + 3 log OPENNESS i,t + 4 Z i,t + i,t
in autoregressive panel data models with finite T, since inclusion of the lagged dependent variable leads to a correlation between regressors and the error term. Therefore, dynamic panel data estimation suffers from the Nickell bias. Although this bias is a declining function of T (bias of order 1/T), we cannot guarantee that the bias would be eliminated in our case. For this reason we use the bias-corrected least squares dummy variable (LSDV) estimator (henceforth LSDVC) as the first method of estimation. This method, developed for unbalanced dynamic panels by Bruno (2005) , helps to overcome the problem mentioned above and estimates a bootstrap variance-covariance matrix for the corrected estimator. We use the Blundell-Bond estimator to initiate bias correction and take the first-order term of the approximation evaluated at the true parameter values, which as Bruno (2005) shows is usually capable of accounting for more than 90% of the actual bias. In order to bootstrap the estimated standard errors we undertook 100 repetitions of the procedure. The two estimation methods outlined above suffer, however, from one major limitation. None of them can be applied in the presence of endogenous regressors. The nature of some of our regressors gives the strong potential for endogeneity, e.g., investment is likely to be an endogenous variable as higher output may lead to higher investment. There is also a similar problem with R&D: the direction of causality in the R&D expenditure-growth relation is not obvious.
The most popular alternative strategy to address potential endogeneity is to use one of the class of generalised method of moments estimators. This is the second method of estimation that we employ. The GMM estimator developed by Arellano and Bond (1991) removes fixed effects, taking first differences of Equation (2) in the first step. Then the differenced right-hand-side variables are instrumented with their lagged levels. A serious drawback of this estimator is that the lagged levels are likely to be weak instruments if series are highly persistent, as output and stock variables are in our case. 6 To deal with this problem, Blundell and Bond (1998) proposed an estimator (henceforth SYS-GMM) that is obtained by adding the original equation in levels to the equation in differences. Instruments in differences are used for the former and instruments in levels for the latter. This helps to solve the problem of weak identification as even persistent series may be valid instruments if their lagged first differences are used. Therefore, SYS-GMM is our preferred estimator since it is found to be more efficient for data such as ours. Tables 1-5 show the results obtained using LSDVC and SYS-GMM estimators; however, we concentrate on the SYS-GMM estimations as being more reliable. All regressions follow general specification (3) and, for the purpose of comparability, include a constant set of control variables and one proxy of technological innovation at the time to minimise the risk of multicollinearity. 7 In order to control for the effects of financial crisis, time effects for crisis years (2008, 2009, 2010, 2011) are included in all regressions.
Estimation results and discussion
Results
This section contains the results of regression analysis for the two samples (EU-15, EU-13).
The first set of variables is comprised of lagged GDP per capita, investment rate and openness. The estimated coefficients on lagged GDP per capita are statistically significant, have expected signs and are in line with the main strand of growth empirics. The share of investments in GDP is a significant and positive determinant of GDP growth in EU-13 Table 1 . total R&D activity and economic growth.
notes: standared errors (sEs) in parentheses, ***, **, * denote significance at 1, 5 and 10%, respectively. N denotes the number of observations. Gmm estimations are one-step with robust sEs. all regressions include unreported time dummies for crisis years: 2008, 2009, 2010 and 2011. columns (1)- (4) present results of estimations when using the innovation flow variable. columns (5)- (8) present results with innovation stock variable. source: authors' calculations.
(1) Table 3 . Public R&D activity and economic growth.
notes: as in table 1. source: authors' calculations.
(5) Table 4 . European Patent office patent activity and economic growth.
notes: as in table 1. source: authors' calculations. countries and insignificant (although positive) in old member states. Coefficients of trade openness are significant and positive in most regressions for the EU-15 sample, and statistically insignificant in most regressions for EU-13. As shown in Tables 1-3 , the estimates demonstrate a statistically insignificant relationship between R&D expenditures and GDP per capita growth. This holds true across both samples analysed and regression techniques, even when we distinguish between business (Table 2 ) and government-funded (Table 3 ) flows of R&D. These results may stem from the fact that current expenditures do not capture the cumulative nature of knowledge, and that its impact on economic growth cannot thus be observed when using present investments in R&D. Therefore, we include in our analysis proxies for cumulative R&D efforts (i.e., R&D stocks). As it turned out, even when measured by accumulated R&D outlays, its impact is still insignificant using conventional levels of significance. After discriminating between privately ( Table 2 ) and publicly (Table 3 ) funded R&D stocks, the results still lack empirical evidence for the stimulating role of cumulative R&D expenditures. The stock of publicly funded R&D was statistically insignificant in all SYS-GMM specifications in both samples analysed, and significant and negative in the case of EU-15 (LSDVC). In turn, the stock of privately funded R&D was statistically insignificant for the EU-15 sample using both estimation techniques. In the case of EU-13 countries, its impact was negative and significant using the LSDVC technique. Thus, returns on R&D expenditures seem to be questionable, particularly in the new member states.
When it comes to patent activity, according to the SYS-GMM results displayed in Tables  4 and 5 , current and cumulated EPO (Table 4) and USPTO (Table 5 ) patents are significant determinants of GDP per capita growth in the new member states, while the coefficients for the EU-15 are insignificant at a 10% level. The results for EU-13 are supported by the LSDVC in the case of USPTO annual flows of patents and stock of USPTO patents.
In sum, the results do not indicate the presence of a positive impact of R&D spending on per capita GDP growth. At the same time, patent activities do matter in fostering economic growth in the case of the EU-13 countries. However, effects of R&D and patents on growth are theoretically plausible, as endogenous growth models imply. Such effects have also been found in studies at the regional level.
8 Therefore, our findings may seem surprising at first glance, hence they call for explanation.
Discussion
The results concerning R&D may indicate the possibly more complex relationship between R&D expenditures and economic growth. When looking at the data, one might suppose that R&D expenditures in the EU were incapable of generating technological progress because they did not reach the critical mass, as only high R&D cumulative expenditures have a positive impact on GDP per capita growth. At the theoretical level, questions may be raised as to whether there is too little or too much R&D (Alvarez-Pelaez & Groth, 2005) . 9 With respect to public R&D expenditures, they are mainly aimed at generating basic knowledge that is used in later stages by industry (the business sector) to create technological innovation. As a large part of government-funded R&D is aimed at public missions (health, the environment) that do not directly affect productivity , it is highly possible that there is no direct link between public R&D and growth. Another likely explanation of the insignificant relationship between government-funded R&D and economic growth may be inefficiency. It should be borne in mind that bureaucrats cannot get access to all decentralised information, therefore they are not able to behave like a benevolent social planner. As Romer (2005) indicates, many people see the endogenous growth theory 'as a blanket seal of approval for all of their favourite government interventions, many of which are very wrong-headed' (p. 690). For this reason, government-funded R&D spending does not necessarily have to be effective.
The above findings are of particular importance for developing catching-up strategies of new member states and may have interesting implications concerning the European innovation policy. Are high R&D expenditures indispensable for rising productivity? The Austrian 'growth puzzle' shows that there are other possible ways to catch up: capital accumulation, adoption of technologies developed abroad, and reforming the industrial structure (OECD, 2007) . Setting common targets and a simple call for increases in R&D, without taking into account country-specific characteristics, may not be sufficient as a policy guideline. Another important issue that may influence results is the heterogeneity of European countries. Comparing the old and new EU member states does not fully solve the problem. The EU-15 is comprised of countries with both low R&D intensity (e.g., Greece, Portugal, Spain and Italy) as well as economies with relatively high R&D spending (e.g., Finland, Sweden, Denmark and Germany). Moreover, heterogeneity may also reflect differences in institutions, culture and religion.
As far as patent activity is concerned, the findings are quite surprising as patents have a strong commercial orientation and therefore can be expected to promote growth independently of any analysed group of countries. A possible explanation of these results might be that owing to the relatively high costs of patenting, only the most economically valuable inventions are patented in the new member states, hence its impact on economic growth in EU-13 was positive. This may be related to the costs of applying for a patent in terms of actual fees as well as the relative market-size-per-unit application cost, and the different industrial structure of the new and old EU countries (Arundel & Kabla, 1998) . The reason for the lack of a correlation between the number of patents awarded and economic growth in the EU-15 may be due to, inter alia, patent-trolling behaviour, where patenting is purely an anti-competitive strategy. This refers to situations where firms seek patents not to produce innovation but to extort patent fees from competitors (Boldrin & Levine, 2013) . Our results may be of particular interest in the context of the ongoing process of introducing the European patent with unitary effect, a process that is intended to further strengthen patent protection across the EU. Such a strengthening may be an improper policy since it can provide incentives for patent trolls and enhance patent abuse via artificial litigation. As a consequence, increasing patent protection above a certain level may have no impact on economic growth. This is in line with the literature, which argues that stronger patent protection is not always growth-enhancing (e.g., Azevedo, Afonso, & Silva, 2014; Furukawa, 2007) .
Furthermore, the results may also be influenced by other factors. The relatively short time frame prevents us from using averages instead of annual data. The other potential limitation of the study is that it neglects the impact of non-technological innovation on economic growth. In substance, the concept of innovation might be extended to include non-technological innovation embodied in new marketing methods or organisational changes (OECD & Eurostat, 2005) in order to obtain a complete picture of the innovativeness of a country. However, the lack of comparable data prevented us from undertaking such an extension.
Conclusion
The aim of this paper was to provide empirical evidence in relation to the role of technological innovation in the process of economic growth in a sample of EU countries. The main objective was to test whether the relationship between innovation and economic growth differs between the EU-15 and EU-13 countries. The impact of R&D investments, differentiated by the source of funding, on economic growth was also examined.
The estimated results show that the relation between innovation and growth is not as obvious as the family of endogenous growth models predicts. We found no statistically significant relationship between total R&D outlays and economic growth. This holds true across both samples analysed. The relationship remains insignificant also when R&D is differentiated by the source of funding. On the other hand, patents turned out to be significant determinants of GDP per capita growth in the new member states. Estimated coefficients were positive both for flows and stocks of USPTO and EPO patents.
All in all, our study suggests that there may be no single recipe for growth for all EU countries. In fact, the growth strategies may differ across member states and should address a country's specific settings and development challenges. This questions the practice of setting common innovation policy objectives in the EU. Furthermore, strengthening patent protection across the EU might be an improper policy and have no impact on economic growth since it can provide incentives for patent-trolling behaviours. Consequently, our results raise questions regarding the ongoing process of extending intellectual property rights protection in the EU by introducing a unitary patent scheme. However, the estimated results should be approached with caution given the relatively short time dimension of the data set and weaknesses of our measures of innovation. A longer time frame could give more reliable estimates; therefore, our findings serve as a pilot and should be confirmed by future studies.
Notes
9. The EU-13 sample is comprised mostly of countries with R&D stock below the EU-28 median in 2011. The notable exceptions are Slovenia and Estonia. On the other hand, R&D stocks in EU-15 member states are generally above the EU-28 median, except for Greece, Italy and Spain.
